Abstract The pathogenesis of myelodysplastic syndromes (MDS) is complex and depends on the interaction between aberrant hematopoietic cells and their microenvironment, probably including aberrations in cytokines and their signaling pathways. To evaluate interleukin-8 (IL-8) plasma levels and nuclear factor kappa B (NF-kB) in patients with MDS and to test possible correlation between IL-8 and NFKb, a total of 45 individuals were analyzed: 25 consecutive adult de novo MDS patients and 20 sex and age-matched healthy elderly volunteers. IL-8 analysis was performed by ELISA and activity of NF-kB by chemiluminescent assay. MDS patients showed higher level of IL-8 when compared to controls (p = 0.006). Patients aged 75 and above showed even higher levels (p = 0.035). NF-kB activity was significantly elevated in MDS patients when compared to controls (p \ 0.0001) and higher in patients older than 75 years (p = 0.047). NF-kB activity was associated with higher serum ferritin (p = 0.042) and higher percentage of blasts (p = 0.028). A significant positive correlation between IL-8 and NF-kB was demonstrated (r = 0.480; p = 0.015). Many pathways involved in pathophysiology of MDS have been recently described, suggesting that an inflammatory process may act as a pathogenic driver. In this study, significantly elevated levels of IL-8 and NF-kB were demonstrated in MDS patients, with positive association of NF-kB with some markers of poor prognosis. A positive correlation between IL-8 and NF-kB suggests they cooperate as part of a complex networking of immune and inflammatory factors involved in MDS.
Introduction
Myelodysplastic syndrome (MDS) is a heterogeneous group of hematopoietic stem cell disorders clinically characterized by peripheral cytopenias due to ineffective hematopoiesis and by high risk of progression to acute myeloid leukemia (AML) [1] . It is considered a disease of older people as median age at diagnosis range from 70 to 75 years. In Brazil, there is a slight predominance of female with mean age of 65 years at diagnosis and high prevalence of lower-risk disease [2, 3] . Similar characteristics were recently reported in a Latin American series of 1080 patients [4] .
The pathogenesis of MDS is complex and multifactorial and depends on the interaction between aberrant hematopoietic cells and their microenvironment. It is well established that chronic inflammation underpins the development of a number of human cancers. In MDS, many unraveled specific pathways involved in its complex pathophysiology have been recently described, including abnormal activation of innate immune signals, elevated proinflammatory cytokines levels and aberrations in their signaling pathways, suggesting that an inflammatory process may act as a pathogenic driver [5] [6] [7] [8] .
Interleukin-8 (IL-8) is a member of the CXC chemokine superfamily, produced by blood cells and many types of tissues. It activates multiple intracellular signaling pathways, can cause a wide range of proinflammatory chemical reactions and has been recently proposed as a useful biomarker for various clinical conditions [9] . Increased expression of IL-8 and/or its receptors has been reported in cancer cells, endothelial cells, infiltrating neutrophils and tumor-associated macrophages, suggesting that IL-8 may function as a significant regulatory factor within the tumor microenvironment promoting survival, proliferation and invasion of cancer cells, particularly in solid tumors [10] . Overexpression of IL-8 receptor CXCR2 was identified in purified stem cells from AML and MDS and was shown to be associated with worse prognosis [11, 12] . Blocking the IL-8-CXCR2, therefore, was shown to be of therapeutic potential in a variety of cancers [11, 13] .
The activation of multiple pathways by IL-8 leads to increased expression of various transcription factors including nuclear factor kappa B (NF-kB), which promotes survival and tumor growth [14] . However, little is known in hematologic malignancies, particularly in MDS [5] .
The NF-kB is a transcription factor that acts as a key component for the expression of a wide variety of cellular genes. It has opposite functions as it is part of cells' auto defense mechanism, but its inappropriate activation can mediate inflammation and tumorigenesis with important role in pathogenesis of several types of tumors and hematologic malignancies [15] .
NF-kB is present in cytoplasm of all cells associated with inhibitory kinases (IkB) in an inactive state. After degradation of its inhibitory protein, NF-kB is able to enter the nucleus and regulate transcription of over 150 genes involved in the regulation of fundamental cellular processes such as apoptosis, proliferation, differentiation and tumor migration [16] [17] [18] .
NF-kB is a molecule of great interest in the study of MDS. Its activity is elevated in bone marrow progenitors and has been correlated with progression of the disease, with higher-risk subgroups presenting the highest activity levels. The aim of this study was to evaluate the IL-8 expression and NF-kB activation in primary MDS, to analyze its association with different clinicopathological variables and to test the possible correlation between these two factors.
Materials and methods
Consecutive de novo MDS patients diagnosed in a University Hospital were included and classified according to the following variables: gender, age (younger than 75 years and older than 75 years), number of cytopenias according to IPSS-R [19] , bone marrow cellularity (i.e., hypocellular, normocellular and hypercellular), karyotype (normal and abnormal), WHO classification (refractory anemia (RA), RA with ring sideroblasts (RARS), refractory cytopenia with multilineage dysplasia (RCMD) and RA with excess blasts (RAEB) [20] , IPSS-R score (very low ? low risk and intermediate ? high ? very high risk), serum ferritin (\500 ng/mL or C500 ng/mL), iron overload (\1000 ng/mL or C1000 ng/mL), hemoglobin (B8, [8 to B10, [10 g/dL), neutrophils count (\800 or C800/mm 3 ), transfusion dependence, platelets count (B50,000; [50,000 to B100,000; [100,000/mm 3 ), erythropoietin levels (B500, [500 mUI/mL) and percentage of blasts (\5, C5%).
Peripheral blood DNA samples were obtained from sex and age-matched healthy elderly volunteers as controls. Peripheral blood mononuclear cells (PBMC's) were isolated by Ficoll-Paque Ò (Density 1.077), according to the manufacturer's instructions (GE Healthcare, Piscataway, NJ, USA). Briefly, to prepare nuclear extract, the PBMC's were washed with ice-cold phosphate-buffered saline (PBS) and lysed using complete lysis buffer. A phosphatase inhibitor was added to circumvent NF-kB protein degradation. The cell suspension was incubated on ice for 15 min to complete the lysis of cell membrane. After centrifugation, the nuclear pellet was resuspended in an ice-cold extraction buffer. The nuclear lysate containing the nuclear proteins was stored at 80°C until further use. The protein concentration was determined using a Bradford-based assay yielding sample concentrations of approximately 1 lg/mL [21] .
DNA binding activity of NF-kB p65 was measured using TransAM NF-kB p65 kits Ò (Active Motif, Carlsbad, California, USA), according to the manufacturer's instructions. Briefly, 20 lL of sample per well was incubated for 1 h at room temperature with mild agitation. After washing 3 times, 50 lL of diluted NF-kB antibody was added to each well. The plate was incubated for 1 h at room temperature and then washed for 3 times. Fifty lL of diluted NF-kB antibody was added to each well followed by 50 lL of a secondary antibody conjugated to horseradish peroxidase (HRP). After incubation for 1 h, at room temperature without agitation, 50 lL of chemiluminescent working solution was added to all wells. The specific binding was detected by chemiluminescence.
IL-8 protein concentrations were measured by a commercial ELISA kit (BD OptEIA San Diego, California, USA) according to protocol instructions. The plate was sensitized with capture antibody and was incubated overnight. The plate was blocked with the assay diluent. Samples and standards were added and further incubated. Working detector was added and incubated. Between each step washes were performed. Substrate solution was then added and incubated at room temperature in dark room.
Finally, stop solution was added and the reading was performed at 450 nm absorbance.
For statistical analysis, data on IL-8 and NF-kB quantification were expressed as median and range (minimum and maximum). The Mann-Whitney test was used to analyze the influence of IL-8 and NF-kB in clinicopathological variables of MDS patients. The Spearman's correlation test was used for obtaining the r and the r-square (r 2 ) values. Statistical analyses were performed using the GraphPad Prism 5 (GraphPad Prism software, La Jolla, CA, USA) and SPSS 20.0 (SPSS Inc., Chicago, IL, USA) computer software programs. Probability level (p value) \0.05 was adopted as a significance criterion. (Fig. 1a) . Patients aged 75 and above showed significant higher levels (p = 0.035) (Fig. 1b) . No significant associations were found between level of IL-8 and the following variables: serum ferritin, iron overload, concentration of hemoglobin, neutrophils count, platelets count, endogenous erythropoietin, number of cytopenias, percent of blasts, cytogenetic abnormalities, WHO classification or IPSS-R score (Table 2) .
NF-kB activity was significantly elevated in MDS patients when compared to controls (p \ 0.001) (Fig. 2a) and higher in patients older than 75 years (p = 0.047) (Fig. 2b) . NF-kB activity was associated with higher serum ferritin (p = 0.032) (Fig. 2c ) and higher percentage of blasts (p = 0.042) (Fig. 2d) . No significant associations were found between the NF-kB and the following variables: iron overload, concentration of hemoglobin, neutrophils count, platelets count, endogenous erythropoietin, number of cytopenias, cytogenetic abnormalities, WHO classification or IPSS-R score ( Table 2 ).
The study of correlation between IL-8 and NF-kB in MDS patients showed a significant positive moderate correlation between IL-8 and NF-kB (r = 0.480; p = 0.015). The r-squared (r 2 = 0.232) showed that 23.2% of the variance is shared between IL-8 and NF-kB (Fig. 3) .
Discussion
The age-related chronic upregulation of the inflammatory immune response with increased levels of proinflammatory cytokines, known as ''inflammaging,'' is believed to be a consequence of chronic antigenic stimulation and has an important role in the development of age-associated diseases [22] .
Disordered modulation of hematopoiesis during aging and the abnormal chronic cytokines signaling have negative effects on hematopoietic stem cell (HSC) regulation and function and are contributing factors to the emergence of abnormal clones. In MDS, abnormal levels of cytokines and chemokines have been recently documented [5, 12, 23] and have been implicated in the pathogenesis of the disease: ''the unexpected role of inflammatory signaling beyond inflammation'' [24] . In this study, serum level of IL-8 and activation of NF-kB were significantly higher in MDS patients as compared to controls. Probably because abnormal regulation of cytokine production is an age-related event, patients older than 75 years presented even higher levels of both parameters.
Excess of iron enhance the generation of reactive oxygen species (ROS), with a cascade of consequences. ROS damage DNA, risking genomic instability, mutagenesis and cell death or neoplasia. Moreover, ROS directly activate caspases accelerating apoptotic death and, paradoxically, may also have anti-apoptotic effects by activating NF-kB which may contribute to MDS transformation [25] . Activation of NF-kB and activation of iron overload, defined as serum ferritin C1000 ng/mL, are both considered markers of poor prognosis. Of interest, in this study, a significant association was detected between elevated activation of NF-kB and even slightly elevated ferritin (C500 ng/mL). The oral chelator deferasirox is a potential inhibitor of NFkB, an effect that seems to be independent of the decrease in ferritin levels [26] .
Some previous studies suggested that inflammatory intermediates can induce DNA instability and promote the emergence of mutant clones, supporting a model for MDS pathogenesis in which sustained immune system deregulation in the bone marrow microenvironment creates a permissive milieu for the development of MDS [27] . Therefore, the inflammatory process in MDS has been postulated to represent a primary pathophysiologic abnormality and a key driver of the evolution of disease. Although IL-8 has been proposed as a universal biomarker and has currently been applied as predictor of prognosis in various diseases, including solid tumors and non-Hodgkin's lymphoma [9] , in this series, isolated high level of IL-8 was significantly associated with MDS but not with higher-risk MDS. A higher number of cases are necessary to confirm these data.
Pro-apoptotic signaling is strongly associated with lower-risk MDS. Higher-risk MDS is associated with decreased apoptotic index, either by downregulation of pro-apoptotic cytokines or as a result of anti-apoptotic effects. Elevated activation of NF-kB is an important prosurvival factor of MDS progenitors. An association between elevated NF-kB activity with higher-risk subgroups of the disease was observed in this study, when evaluated either by excess of blast or by IPSS-R subgroups.
The NF-kB is potentially activated in response to a variety of stimuli such as carcinogens, bacterial and viral Fig. 2 Plots of NF-kB analysis in MDS patients and controls (a), in MDS patients according to age (b), to serum ferritin (ng/ mL) (c) and to percentage of blasts (d) Fig. 3 Plot of Spearman's correlation analysis between IL-8 and NFkB in MDS patients proteins, endotoxins and inflammatory agents [15] . Therefore, it was of interest to test correlation between NFkB and the inflammatory cytokine IL-8. In this study, a significant, positive and moderate correlation was demonstrated between these two factors. Of utmost importance, we detected that IL-8 was responsible for 23.2% of the increase in NF-kB, reinforcing its cooperation. IL-8 and NF-kB have both a diversity of effectors and downstream targets promoting angiogenic response, increase in proliferation, migration and survival of cancer cells. They are probably part of a complex networking of immune and inflammatory factors involved in pathogenesis of MDS. This is an instigating subject of research and this study provides a rationale for further deeper evaluation of the role and cooperation of IL-8 and NF-kB as part of a complex networking of immune and inflammatory factors involved in MDS.
